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(54) Antenna apparatus 

(57) In a compact portable telephone, a rotational 
shaft portion of a microphone arm is freely rotatably cou- 
pled to the bottom portion of the housing, and it is used 
in a first state where the housing and the microphone 
arm are aligned with each other and in a second state 
where they are intersected to each other at a predeter- 
mined angle. A microphone and a helical antenna are 
contained in the microphone arm, and the length of the 
microphone arm is set so that the helical antenna is lo- 
cated at a position higher than the upper surface of the 
housing in the state where the microphone arm is 
aligned with the housing, thereby avoiding the effect on 
the antenna by the ground conductor and the shield 
case of the circuit board (omitted from the illustration) in 
the housing. 
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Description 

The present invention relates to a portable radio ap- 
paratus and an antenna apparatus which are suitable 
for a portable telephone. 

Recently, the compact and lightweight design of 
portable telephones has been required in order to en- 
hance portability. In accordance with this requirement 
there has been used a whip type antenna that is retract- 
ed in the main body when it is carried and drawn out of 
the main body when it is under a telephone call. 

Accordingly, damage of the antenna can be pre- 
vented when it is carried, and also deterioration of radi- 
ation characteristics such as reduction in antenna gain 
due to the effect of a human body, particularly the head, 
can be avoided by increasing the antenna length (effec- 
tive height) when a telephone call is made. Thus, the 
telephone quality can be enhanced. 

On the other hand, due to a further compact design 
of portable telephones, the distance between a trans- 
mitter (microphone) and a telephone receiver (speaker) 
cannot be set to be equal to the distance between the 
mouth and the ear of a human on the main body. There- 
fore, there has been proposed a portable telephone in 
which a microphone is separated from the main body of 
the portable telephone and accommodated in a rotata- 
ble portion (microphone arm) which can be retracted in 
and drawn out the main body, the microphone arm is 
retracted when it is carried while it is drawn out when it 
is used for a telephone call, so that the microphone is 
located near to the mouth. 

Further, there has been known a compact portable 
telephone in which an antenna is embedded in the mi- 
crophone arm to enable an antenna and a microphone 
to be drawn out with one stroke under a telephone call 
as shown in Fig. 1 . 

That is, as shown in Fig. 1 , in a conventional com- 
pact portable telephone 10, on the front surface of a 
housing 1 1 of the telephone body are usually formed an 
opening 12 for a telephone receiver (speaker), and op- 
eration keys 1 3 such as a dial key, etc. Further, a liquid 
crystal display element 14 is disposed between the 
opening 12 and the operation keys 13. 

In the housing 11 is accommodated a circuit board 
on which an RF transmission/reception circuit, an an- 
tenna matching circuit, a voice processing circuit, etc., 
as not shown, are mounted. The RF transmission/re- 
ception circuit and the antenna matching circuit are dis- 
posed in a shield case. 

A protection plate 15 having an "L"-shaped section 
is provided integrally with the housing 11 at the further 
right side of the right-side wall 11 r of the housing 11 
which is formed of suitable synthetic resin material. A 
smalt -diameter rotational shaft 22a of a rotational end 
portion 22 of the microphone arm 21 which is formed of 
suitable synthetic resin material is freely rotatably en- 
gaged with the lower portion of the right-side wall 11 r of 
the housing 11. 



The microphone 23 which is embedded in a free end 
portion 21 f of the microphone 21 is connected through 
a voice signal line 24 to the voice processing circuit on 
the circuit board ; and the base portion 25b of a rod an- 
5 tenna 25 which is embedded in the microphone arm 21 
and is formed by designing a conductor of predeter- 
mined length in a linear form is connected through a 
feeder spring 26 to an antenna matching circuit on the 
circuit board as described above. 
io When the portable telephone 10 is carried, the mi- 
crophone arm 21 is retracted while sandwiched be- 
tween the right-side wall 11 r of the housing 11 and the 
protection plate 15 as indicated by a solid line of Fig. 1 . 
When the portable telephone 10 is under the tele- 
's phone call, as shown by a chain line of Fig. 1 , the mi- 
crophone arm 21 is rotated in a counterclockwise direc- 
tion from the retracted state as described above, and 
drawn out so that the microphone 23 and the housing 

I I are intersected to each other at a suitable obtuse an- 
20 gie and the microphone 23 and (the opening for) the 

speaker 1 2 are kept to be away from each other at a 
predetermined distance. In addition, deterioration of ra- 
diation characteristics such as reduction in antenna 
gain, etc. due to the effect of the human head is avoided. 
25 In such a state that the microphone arm 21 is drawn 

out as described above, the microphone 23 is located 
at a lower position than the bottom surface lib of the 
housing 11 in Fig. 1. 

Further, by disposing a rod antenna 25 in the micro- 
be phone arm 21, the portable telephone 10 as described 
above needs no antenna accommodating space in the 
housing 11 , and this is effective to miniaturize the port- 
able telephone 10. Still further, if the rod antenna 25 of 
super elastic member such as Ni-Ti alloy, for example, 
35 this is effective to reinforce the microphone arm 21 . 

In the conventional compact portable telephone 10 
as described above, however, the free end portion 21 f 
is not located at a higher position than the upper surface 

I I I of the housing 1 1 in the figure in the state where the 
40 microphone arm 21 is retracted. Accordingly, the rod an- 
tenna 25 & located so as to be proximate to the ground 
conductor of the circuit board and the shield case 
through the right-side wall 1 1 r of the housing 1 1 over the 
entire length thereof. Therefore, the input impedance of 

45 the rod antenna 25 is greatly increased, and thus the 
rod antenna 25 does not establish the match with a feed- 
ing system which is represented by a feeder spring 26, 
so that the matching loss therebetween is increased and 
no excellent antenna characteristic can be obtained. 
50 a portable radio apparatus according to a first as- 
pect of the present invention in which a cylindrical body 
containing an antenna and a microphone therein is free- 
ly rotatably coupled to the side portion of the housing of 
a radio apparatus body at one end portion in the central 
55 axis direction thereof, and which is used both in the first 
state where the housing and the cylindrical body are 
aligned, and in the second state where the housing and 
the cylindrical body are intersected to each other at a 
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predetermined angle, is characterized in that the other 
end portion of the cylindrical body in the center axis di- 
rection is projected outwardly from the end edge of the 
housing in the first state, and the antenna is embedded 
into the other portion of the cylindrical body in the center 
axis direction. 

Further, a portable radio apparatus according to a 
second aspect of the present invention in which a cylin- 
drical body containing an antenna and a microphone 
therein is freely rotatably coupled to the side portion of 
the housing of a radio apparatus body at one end portion 
in the central axis direction thereof, and which is used 
both in the first state where the housing and the cylin- 
drical body are aligned, and in the second state where 
the housing and the cylindrical body are intersected to 
each other at a predetermined angle, is characterized 
in that the other end portion of the cylindrical body in the 
center axis direction is located outwardly from the end 
edge of the housing in the first state, the first antenna is 
embedded in the other portion of the cylindrical body in 
the center axis direction, the second antenna is embed- 
ded in the one end side of the cylindrical body in the 
center axis direction, and selective feeding means for 
selectively supplying power to the first and second an- 
tennas is provided. 

An antenna apparatus according to a third aspect 
of the present invention which includes an antenna con- 
ductor which is contained in a cylindrical body together 
with a microphone, the cylindrical body being freely ro- 
tatably coupled to the side portion of a radio apparatus 
body and is used both in the first state where the hous- 
ing and the cylindrical body are aligned, and in the sec- 
ond state where the housing and the cylindrical body 
are intersected to each other at a predetermined angle, 
is characterized in that the other end portion of the cy- 
lindrical body at the opposite side to the rotational shaft 
side in the center axis direction is projected outwardly 
from the end edge of the housing in the first state, and 
the antenna conductor is embedded in the other end 
portion which is projected. 

An antenna apparatus according to a fourth aspect 
of the present invention which includes an antenna con- 
ductor which is contained in a cylindrical body together 
with a microphone, the cylindrical body being freely ro- 
tatably coupled to the side portion of a radio apparatus 
body, and is used both in the first state where the hous- 
ing and the cylindrical body are aligned, and in the sec- 
ond state where the housing and the cylindrical body 
are intersected to each other at a predetermined angle, 
is characterized in that the other end portion of the cy- 
lindrical body at the opposite side to the rotational shaft 
side in the center axis direction is projected outwardly 
from the end edge of the housing in the first state, the 
first antenna conductor is embedded in the other end 
portion which is projected, and the second antenna con- 
ductor is embedded at the rotational shaft side of the 
cylindrical body, wherein power is selectively supplied 
to the first and second antenna conductors. 



In the portable radio apparatus and the antenna ap- 
paratus thus constructed, the antenna is located at the 
cylindrical portion which projects from the end edge of 
the housing of the main body of the radio apparatus, so 

5 that the antenna can gain an excellent and sufficient 
gain even in the first state where the housing and the 
cylindrical body are aligned with each other. 

Embodiments of the present invention can provide 
a portable radio apparatus or an antenna apparatus 

10 which can provide excellent antenna characteristics 
even in the state where a microphone arm containing 
an antenna therein is retracted. 

Embodiments of the antenna apparatus according 
to the present invention will now be described, merely 

is by way of example, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a perspective view showing the conceptual 
construction of a conventional portable telephone; 
20 Fig. 2 is a perspective view showing the basic con- 
struction of an embodiment of a portable radio ap- 
paratus according to the present invention; 
Fig. 3 is a conceptual diagram showing the specific 
construction of the main part of the embodiment ac- 
2£ cording to the present invention; 

Fig. 4 is a conceptual diagram showing the specific 
construction of the main part of the second embod- 
iment of the present invention; 
Fig. 5 is a conceptual diagram showing the specific 
30 construction of the main part of the third embodi- 
ment of the present invention; 
Fig. 6 is a conceptual diagram showing the specific 
construction of the main part of the fourth embodi- 
ment of the present invention; 
3S Fig. 7 is a conceptual diagram showing the specific 
construction of the main part of the fourth embodi- 
ment of the present invention; 
Fig. 8 is a conceptual diagram showing the specific 
construction of the main part of the fifth embodiment 
40 of the present invention; 

Fig. 9 ri a conceptual diagram showing the specific 
construction of the main part of the fifth embodiment 
of the present invention; 

Fig. 10 is a conceptual diagram showing the specific 
45 construction of the main part of the sixth embodi- 
ment of the present invention; 
Fig. 11 is a conceptual diagram showing the specific 
construction of the main part of the sixth embodi- 
ment of the present invention; 
so Fig. 1 2 is a conceptual diagram showing the specific 
construction of the main part of the seventh embod- 
iment of the present invention; and 
Fig. 1 3 is a conceptual diagram showing the specific 
construction of the main part of the seventh embod- 
55 iment of the present invention. 
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[Construction of the Embodiments] 

The basic construction of the embodiments accord- 
ing to the present invention is shown in Fig. 2, and the 
specific construction thereof is shown in Fig. 3. In Figs. 
2 and 3, the portions corresponding to those of Fig. 1 
are represented by the same reference numerals, and 
the description thereof is partially omitted. 

In Fig. 2, in a compact portable telephone 10A, at 
the front side of the housing 11 of the main body of the 
telephone is formed an opening 12 for a telephone re- 
ceiver (speaker) and also disposed operation keys 13 
such as dial keys, etc. Further, a liquid crystal display 
element 1 4 is disposed between the opening 1 2 and the 
operation keys 13. 

A protection plate 15 having an "[."-shaped section 
is provided integrally with the housing 11 at the further 
right side of the right-side wall 11 r of the housing 11 
which is formed of suitable synthetic resin material. Fur- 
ther, a small-diameter rotational shaft 22a of a rotational 
end portion of a microphone arm 21 H which is formed 
of suitable synthetic resin material is freely rotatably 
held at the lower portion of the right-side wall 11 r of the 
housing 11 in a predetermined angle range. 

In this embodiment, the length of the microphone 
arm 21 H is set so that the free end portion 21 hf of the 
microphone arm 21 H is projected more upwardly from 
the upper surface 11 1 of the housing 11 in the state 
where the microphone arm 21 H is accommodated be- 
tween the right-side wall 11 r of the housing 11 and the 
protection plate 15. In addition, in place of the conven- 
tional rod antenna 25 shown in Fig. 1 , a helical antenna 
31 obtained by designing a conductor in a spiral form at 
predetermined turn diameter, axis length and turn 
number is contained in the free end portion 21 hf which 
projects upwardly. 

The microphone 23 is located at a position nearer 
to the rotational end portion 22 than the helical antenna 
31, and as indicated by a chain line of Fig. 1, it is kept 
far away from (the opening for) the speaker 12 at the 
predetermined distance as described above while the 
microphone arm 21 H is drawn out. 

As shown in Fig. 3, the helical antenna 31 is elec- 
trically and mechanically coupled to a support fitting 32 
at the base portion thereof, and the support fitting 32 is 
connected to a coaxial feeder 33. The coaxial feeder 33 
and the voice signal line 24 connected to the micro- 
phone 23 are passed through the inside of the rotational 
shaft 22a of the microphone arm 21 H and guided into 
the housing 11. 

A voice processing circuit 41 , an RF transmission/ 
reception circuit 42 and an antenna matching circuit 43 
are mounted on the circuit board 16 accommodated in 
the housing 11, and the RF transmission/reception cir- 
cuit 42 and the antenna matching circuit 43 are disposed 
in a shield case 17. 

The input/output impedance (characteristic imped- 
ance) of the RF transmission/reception circuit 42 is or- 



dinarily set to 50Q. 

The voice signal line 24 from the microphone 23 is 
connected to the voice processing circuit 41 , and the 
coaxial feeder 33 from the helical antenna 31 is passed 
5 through the antenna matching circuit 43 and connected 
to the RF transmission/reception circuit 42. 

A flange portion 22b is formed integrally with the 
outside of the rotational shaft 22a of the microphone arm 
21 H in conformity with the predetermined rotational 
10 range, and when the microphone arm 21 H is drawn out 
as indicated by a chain line of Fig. 2, the rotational angle 
thereof is restricted in cooperation with a hooking mem- 
ber of the housing 11 side (omitted from the illustration). 

The microphone arm 21 H is fixed at the positions 
is as indicated by a solid line and a chain line of Fig. 2 
respectively by a suitable cam mechanism (omitted from 
illustration). In Fig. 3, the protection plate 15 is omitted. 

[Operation of the First Embodiment] 

20 

Next, the operation of the embodiment of the 
present invention will be described. 

At a carry-on state where the portable telephone 
10A is on standby, the microphone arm 21 H is accom- 

25 modates while sandwiched between the right-side wall 
11 r of the housing 11 and the protection plate 15 as in- 
dicated by the solid line of Fig. 2. 

In this state, the ground conductor (omitted from the 
illustration) of the circuit board 16 and the shield case 

30 1 7 are kept not to be approximate to the helical antenna 
31 over the entire length. thereof as shown in Fig. 3. 
Therefore, there is no case where the input impedance 
rises up, and the helical antenna 31 normally operates 
as a monopoie antenna with the ground conductor and 

35 the shield case 17 of the circuit board 16 acting as the 
ground. When the portable telephone 1 0A is under a tel- 
ephone call, as indicated by the chain line of Fig. 2, the 
microphone arm 21 H is rotated in the counterclockwise 
direction from the retracted state as described above, 

40 and drawn out so that the microphone 23 and the hous- 
ing 1 1 intefsect to each other at a suitable obtuse angle, 
so that the microphone 23 and (the opening for) the 
speaker 1 2 are kept to be far away from each other at 
a predetermined distance. 

45 in this state, even when the helical antenna 31 is 
located at a position lower than the microphone 23, it is 
also far away from the mouth of a user, and thus it can 
be avoided from the effect of the human head. There- 
fore, the helical antenna 31 normally operates as a mo- 

50 nopole antenna with the ground conductor and the 
shield case 17 of the circuit board 16 acting as the 
ground. 

As described above, in this embodiment, the helical 
antenna 31 which is contained in the free end portion 
55 21 hf is projected upwardly from the upper surface 1 1 1 of 
the housing 11 in the state where the microphone arm 
21 H is accommodated. Therefore, the effect of the 
ground conductor of the circuit board 16 contained in 
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the housing 11 and the shield case 17 on the input im- 
pedance of the helical antenna 31 is suppressed and 
thus the excellent antenna characteristics can be ob- 
tained when the microphone arm 21 H is retracted and 
drawn out. 

[Construction of Second Embodiment] 

Next, the second embodiment of the antenna appa- 
ratus according to the present invention will be de- 
scribed with reference to Fig. 3. 

The specific construction of the second embodi- 
ment according to the present invention is shown in Fig. 
4. In Fig. 4, the portions corresponding to those of Fig. 
3 are represented by the same reference numerals, and 
the description of a part thereof is omitted. 

The basic construction of this embodiment is the 
same as shown in Fig. 2. 

In the embodiment of Fig. 4, in a compact portable 
telephone 10B, the rotational shaft 22a of the rotational 
end portion 22 of the microphone arm 21 H formed of a 
suitable synthetic resin material is held at the lower end 
portion of the right side of the housing 11 formed of a 
suitable synthetic resin material so as to be freely rotat- 
able in a predetermined angle range. 

In the retracted state where the housing 11 and the 
microphone arm 21 H are aligned with each other as 
shown in Fig. 4, the length of the microphone arm 21 H 
is set so that the free end portion of the microphone arm 
21 H is upwardly projected from the upper end of the 
housing 11 in the figure, and the helical antenna 31 in 
which the conductor is spirally formed in the free end 
portion is coupled to the support fitting 32 at the base 
portion thereof. 

The microphone 23 is disposed to be nearer to the 
rotational end portion 22 than the support fitting 32 of 
the helical antenna 31, and it is kept away from the 
speaker at the predetermined distance as described 
above while the microphone arm 21 H is drawn out as 
indicated by the chain line of Fig. 2. 

In this embodiment, a ground plate 27 formed of a 
print wiring plate is contained at the middle portion of 
the microphone arm 21 H, and the matching circuit 43 is 
formed at the helical antenna 31 side on the ground 
plate 27. One end of the matching circuit 43 is connected 
to the support fitting 32 of the helical antenna 31 , and 
the other end of the matching circuit 43 is connected to 
the coaxial feeder 33. The coaxial feeder 33 and the 
voice signal line 24 connected to the microphone 23 are 
passed through the inside of the rotational shaft 22a of 
the microphone arm 21 H, guided into the housing 11, 
and then connected to the RF transmission/reception 
circuit 42 and the voice processor circuit 41 which are 
mounted on the circuit board 16. The ground conductor 
(omitted from the illustration) of the circuit board 16 ; the 
shield case 17 and the ground plate 27 in the micro- 
phone arm 21 H are electrically connected to one anoth- 
er through the outer conductor of the coaxial feeder 33. 



As described above, in this embodiment, by dispos- 
ing the antenna matching circuit 43 just near to the hel- 
ical antenna 31 , a general 50Q semi-ridge coaxial cable 
can be easily used for the antenna feeder 33 in conform- 
ity with the characteristic impedance of the RF transmis- 
sion/reception circuit 42 which is ordinarily 50Q, and the 
cost can be reduced. 

A flange portion 22b is integrally formed at the out- 
side of the rotational shaft 22a of the microphone arm 
21 H in conformity with a predetermined rotational range, 
and in cooperation with a hook member (omitted from 
the illustration) at the housing 11 side, the rotational an- 
gle thereof is restricted when the microphone arm 21 H 
is drawn out as indicated by the chain line of Fig. 2. 

Further, the microphone arm 21 H is fixed at the po- 
sitions as indicated by the solid line and the chain line 
of Fig. 2 respectively by a suitable can mechanism 
(omitted from the illustration). The protection plate 15 
shown in Fig. 2 is also omitted from Fig. 4. 

[Operation of Second Embodiment] 

Next, the operation of the second embodiment ac- 
cording to the present invention will be described. 

At the carry-on state where the portable telephone 
10B is on standby, the microphone arm 21 H is retracted 
while sandwiched between the right-side wall 11 r of the 
housing 11 and the protection plate 15 as indicated by 
the solid line of Fig. 2. 

In this state, the ground conductor (omitted from the 
illustration) of the circuit board 16 and the shield case 
17 do not approach to the helical antenna 31 over the 
overall length thereof as shown in Fig. 4. Therefore, the 
input impedance does not increase and thus the helical 
antenna 31 normally operates as a monopole antenna 
in a more stable matched state with the ground conduc- 
tor and the shield case 1 7 of the circuit board 1 6 and the 
ground plate 27 acting as the ground. 

When the portable telephone 10B is under a tele- 
phone call, as indicated by the chain line of Fig. 2, the 
microphorfe arm 21 H is rotated counterclockwisely from 
the retraction state as described above and drawn out 
so that the microphone 23 and the housing 11 intersect 
to each other at a suitable obtuse angle, whereby the 
microphone 23 and the speaker are kept away from 
each other at a predetermined distance. 

In this state, the helical antenna 31 is located at a 
position lower than the microphone 23 and it is far away 
from the mouth of a user, so that it can avoid the effect 
of the human head portion. Therefore, the helical anten- 
na 31 normally operates as a monopole antenna with 
the ground conductor and the shield case 17 of the cir- 
cuit board 16 and the ground plate 27 acting as the 
ground. 

Particularly, since the ground plate 27 is disposed 
within the microphone arm 21 H, it effectively operates 
as the ground of the helical antenna 31 under the tele- 
phone call, and thus the electrical characteristics of the 
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helical antenna 31 is more stabilized. 

As described above, in the embodiment of Fig. 4, in 
the state where the microphone arm 21 H is retracted, 
the helical antenna 31 embedded in the free end portion 
21 hf thereof is projected upwardly from the upper end 
of the housing 11, and the ground plate 27 is disposed 
in the microphone arm 21 H. Therefore, when the micro- 
phone arm 21 H is retracted, the effect of the ground con- 
ductor and the shield case 1 7 of the circuit board 1 6 em- 
bedded in the housing 11 on the input impedance of the 
helical antenna 31 is suppressed to obtain excellent an- 
tenna characteristics. 

Under the telephone call in which the microphone 
arm 21 H is drawn out, the ground plate 27 particularly 
effectively acts to stabilize the electrical characteristics 
of the helical antenna 31 more. 

Further, since the antenna matching circuit 43 is dis- 
posed just near to the helical antenna 31 on the ground 
plate 27, the matching is more easier and the charac- 
teristics of the helical antenna 31 is more stabilized in 
cooperation with the ground plate 27. 

[Construction of Third Embodiment] 

Next, the third embodiment of the antenna appara- 
tus according to the present invention will be described 
with reference to Fig. 5. 

The construction of the third embodiment is shown 
in Fig. 5 In Fig. 5, the portions corresponding to Figs. 2 
to 4 are represented by the same reference numerals, 
and the description of a part thereof is omitted. 

The basic construction of the embodiment is the 
same as Fig. 2. 

In the embodiment of Fig. 5, a compact portable tel- 
ephone 10C is designed so that the rotational shaft 22a 
of the rotational end portion 22 of the microphone arm 
21 H formed of a suitable synthetic resin is held at the 
lower end portion of the right side of the housing 11 
formed of a suitable synthetic resin so as to be freely 
rotatable in a predetermined angle range. 

In the retraction state where the housing 11 and the 
microphone arm 21 H are aligned with each other as 
shown in Fig. 5, the length of the microphone arm 21 H 
is set so that the free end portion of the microphone arm 
21 H is upwardly projected from the upper end of the 
housing 1 1 in the figure, and also the helical antenna 31 
in which the conductor is spirally formed is contained in 
the free end portion. 

The microphone 23 is disposed to be nearer to the 
rotational end portion 22 than the helical antenna 31 , 
and as indicated by the chain line of Fig. 2, it is kept 
away from the speaker at the predetermined distance 
as described above while the microphone arm 21 H is 
drawn out. 

The helical antenna 31 is coupled to the support fit- 
ting 32 at the base portion thereof, and the support fitting 
32 is connected to the coaxial feeder 33. The coaxial 
feeder 33 and the voice signal line 24 connected to the 



microphone 23 are passed through the rotational shaft 
22a of the microphone arm 21 H and guided into the 
housing 11 . 

A voice processing circuit 41, an RF transmission/ 

s reception circuit 42 and an antenna matching circuit 43 
are mounted on the circuit board 16 accommodated in 
the housing 11, and the RF transmission/reception cir- 
cuit 42 and the antenna matching circuit 43 are disposed 
in the shield case 17. 

io The voice signal line 24 from the microphone 23 is 
connected to the voice processing circuit 41 , and the 
coaxial feeder 33 from the helical antenna 31 is passed 
through the antenna matching circuit 43 and connected 
to the RF transmission/reception circuit 42. 

is in this embodiment, a pipe-shaped outer sheath 
conductor 33s having a length of quarter wavelength is 
disposed at the outside of the coaxial feeder 33 coaxially 
with the coaxial feeder 33. One end of the outer sheath 
conductor 33s and the outer conductor of the coaxial 

20 feeder 33 are connected to each other at the rotational 
end portion 22 side, and also the other of the outer 
sheath conductor 33s is electrically opened, and so- 
called Sperre top is formed. 

In this case, the coaxial feeder 33 is formed as a 

2S semi-ridge cable. 

A flange portion 22b is formed at the outside of the 
rotational shaft 22a of the microphone arm 21 H integral- 
ly with the rotational shaft 22a in correspondence with 
a predetermined rotational range, and the rotational an- 

30 gle thereof is restricted in cooperation of a hook member 
(omitted from the illustration) at the housing 11 side 
when the microphone arm 21 H is drawn out as indicated 
by the chain line of Fig. 2. 

The microphone arm 21 H is fixed at the positions 

35 as indicated by the solid line and the chain line of Fig. 2 
respectively by a suitable cam mechanism (omitted from 
the illustration). The protection plate 15 shown in Fig. 2 
is also omitted from Fig. 5. 

40 [Operation of Third Embodiment] 

Next, the operation of the third embodiment accord- 
ing to the present invention will be described. 

At the carry-on state where the portable telephone 
45 IOC is on standby, the microphone arm 21 H is retracted 
in alignment with the right-side wall of the housing 11 as 
shown in Fig. 5. 

In this state, the ground conductor (omitted from the 
illustration) and the shield case 17 of the circuit board 
50 16 are not approximate to the microphone arm 21 H over 
the entire length of the helical antenna 31 , and thus the 
input impedance is not increased, so that the helical an- 
tenna 31 normally operates as a monopole antenna with 
the ground conductor and the shield case 17 of the cir- 
55 cuit board 16 acting as the ground in the more stable 
matched state. 

Further, at the telephone call time of the portable 
telephone 10C as indicated by the chain line of Fig. 2, 



6 



11 



EP 0 854 535 A2 



12 



the microphone arm 21 H is rotated in the couterclock- 
wise direction from the retraction state as described 
above, and drawn out so that the microphone 23 and 
the housing 1 1 are intersected to each other at a suitable 
obtuse angle, whereby the microphone 23 and the 
speaker are kept away from each other at a predeter- 
mined distance. 

In this state, the helical antenna 31 is located at a 
position lower than the microphone 23, and separated 
from the mouth side of the user, so that it can be avoided 
from the effect of the human head portion. Therefore, 
the helical antenna 31 normally operates as a monopole 
antenna with the ground conductor and the shield case 
17 of the circuit board 16 as the ground. 

In this embodiment, the outer conductor of the co- 
axial feeder 33 and one end ol the outer sheath conduc- 
tor 33s are connected to each other to form Sperre top. 
Therefore, even when the helical antenna 31 is a half- 
wavelength (A/2) type antenna, the current flowing into 
the ground conductor and the shield case 1 7 of the cir- 
cuit board 16 is suppressed, so that the antenna char- 
acteristics are stabilized even in the telephone call state 
where the user grips the portable telephone 10C. 

As described above, in the embodiment shown in 
Fig. 5, the helical antenna 31 contained in the free end 
portion of the microphone arm 21 H is projected upward- 
ly from the upper end of the housing 11 in the state 
where the microphone arm 21 H is retracted. Therefore, 
the effect on the input impedance of the helical antenna 
31 by the ground conductor and the shield case 17 of 
the circuit board 16 contained in the housing 11 is sup- 
pressed, and the excellent characteristics can be ob- 
tained when the microphone arm 21 H is retracted and 
when the microphone arm 21 H is drawn out. 

Further, since the outer sheath conductor 33s is 
connected to the outer conductor of the coaxial feeder 
33 to form Sperre top, the stable antenna characteristics 
can be obtained even in the telephone catl. 

[Construction of Fourth Embodiment] 

Next, the fourth embodiment of the antenna appa- 
ratus according to the present invention will be de- 
scribed with reference to Figs. 6 and 7. 

The fourth embodiment according to the present in- 
vention is shown in Figs. 6 and 7. In Figs. 6 and 7, the 
portions corresponding to those of Figs. 2 to 5 are rep- 
resented by the same reference numerals, and the de- 
scription of a part thereof is omitted. The basic construc- 
tion of this embodiment is the same as Fig. 2. 

In Figs. 6 and 7, a compact portable telephone 10D 
is designed so that the rotational shaft 22a of the rota- 
tional end portion 22 of the microphone arm 21 H formed 
of a suitable synthetic resin is held at the lower end por- 
tion of the right side of the housing 11 formed of a suit- 
able synthetic resin so as to be freely rotatable in a pre- 
determined angle range. 

In the retraction state when the housing 11 and the 



microphone arm 21 H are aligned with each other as 
shown in Fig. 6, the length of the microphone arm 21 H 
is set so that the free end portion of the microphone arm 
21 H is projected from the upper end of the housing 11 , 

5 and also the helical antenna 31 in which the conductor 
is spirally formed is contained in the free end portion of 
the microphone arm 21 H. 

The microphone 23 is located at a position nearer 
to the rotational end portion 22 than the helical antenna 

10 31, and it is kept away from the speaker at the prede- 
termined distance as described above in the state where 
the microphone arm 21 H is drawn out as shown in Fig. 7. 

In this embodiment, in addition to the above helical 
antenna 31 , a rod antenna 25 formed of a linear con- 

*5 ductor having a length of W4 to XI2 is contained so as 
to extend from the intermediate portion of the micro- 
phone arm 21 H to the rotational end portion 22, and a 
feeder spring 26 disposed in the rotational shaft 22a is 
brought into contact with the base portion 25b of the rod 

20 antenna 25. 

The helical antenna 31 is coupled to the support fit- 
ting 32 at the base portion thereof, and a connection pin 
32 (see Fig. 7) is disposed at the housing 1 1 side of the 
support fitting 32 so as to penetrate through the side 

2S walls of the microphone arm 21 H. In addition, the feed- 
ing spring 34 is disposed at the upper end portion of the 
housing 11 so that it can be confronted to and brought 
into contact with the connection pin 32c. 

The voice signal line 24 connected to the micro- 

30 phone 23 is passed through the inside of the rotational 
shaft 22a of the microphone arm 21 H and guided into 
the housing 11, and then connected to the voice 
processing circuit 41 on the circuit board 1 6. 

On the circuit board 16 are mounted an RF trans- 

35 mission/reception circuit 42, first and second antenna 
matching circuits 43, 44, a change-over switch 45, etc. 
The RF transmission/reception circuit 42, the antenna 
matching circuits 43, 44 and the change-over switch 45 
are disposed in the shield case 17. 

40 The RF transmission/reception circuit 42 is con- 
nected to ^ movable contact point of the change-over 
switch 45. The first antenna matching circuit 43 is con- 
nected between an h-side fixed contact point of the 
switch 45 and the feeding spring 34, and the second an- 

45 tenna matching circuit 44 is connected between an r- 
side fixed contact point of the switch 45 and the feeding 
spring 26. 

In this embodiment, a permanent magnet is con- 
tained in the microphone arm 21 H, and a magnetic sen- 
se? sor 46 is disposed in the housing 11 so as to confront 
the magnet 28, whereby the connection of the change- 
over switch 45 is controlled in accordance with the out- 
put of the magnetic sensor 46 which corresponds to 
each of the retracted state and the drawn-out state of 
55 the microphone arm 21 H. 

The flange portion 22b is formed at the outside of 
the rotational shaft 22a of the microphone arm 21 H in- 
tegrally with the rotational shaft 22a in a predetermined 
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angle range, and the rotational angle thereot is restrict- 
ed in cooperation with a hook member (omitted from the 
illustration) of the housing 11 side when the microphone 
arm 21 H is drawn out as shown in Fig. 7. 

The microphone arm 21 H is fixed at the positions 
indicated by the solid line and the chain line of Fig. 2 
respectively by a suitable cam mechanism (omitted from 
the illustration). The protection plate 15 shown in Fig. 2 
is also omitted from Figs. 6 and 7. 

[Operation of Fourth Embodiment] 

Next, the operation of the fourth embodiment ac- 
cording to the present invention will be described. 

At the carry-on state where a portable telephone 
10D is on standby, as shown in Fig. 6, the microphone 
arm 21 H is retracted while aligned with the right-side 
wall of the housing 1 1 . 

In this state, the connection pin 32c (see Fig. 7) of 
the support fitting 32 of the helical antenna 31 which is 
contained in the microphone arm 21 H is brought into 
contact with the feeding spring 34 of the housing 1 1 side 
while confronts to the feeding spring 34, and the perma- 
nent magnet 28 in the microphone arm 21 H and the 
magnetic sensor 46 are confronted to each other, so that 
the movable contact point of the change-over switch 45 
is connected to the h-side fixed contact point on the ba- 
sis of the output of the magnetic sensor 46. 

Accordingly, the helical antenna 31 and the RF 
transmission/reception circuit 42 are connected to each 
other through the support fitting 32, the feeding spring 
34, the antenna matching circuit 43 and the change-over 
switch 45, and the base portion 25b of the rod antenna 
25 is connected to the r-side fixed contact point of the 
switch 45 through the feeding spring 26 and the antenna 
matching circuit 44, whereby the base portion 25b is 
separated from the RF transmission/reception circuit 
42. 

The helical antenna 31 is not approximate to the 
ground conductor (omitted from the illustration) and the 
shield case of the circuit board 16 over the entire length 
thereof, so that the input impedance is not increased, 
and thus the helical antenna 31 normally operates in a 
more stable matched state as a monopole antenna with 
the ground conductor and the shield case 17 acting as 
the ground. 

At this time, the rod antenna 25 does not function 
as the antenna. 

At the telephone call of the portable telephone 1 0D, 
as indicated by the chain line of Fig. 2, the microphone 
arm 21 H is rotated in the counterclockwise direction 
from the retraction state as described above, and drawn 
out so that the microphone 23 and the housing 11 are 
intersected to each other at a suitable obtuse angle, so 
that the microphone 23 and the speaker are kept away 
from each other at a predetermined distance. 

In this state, as shown in Fig. 7, the connection pin 
32c of the support fitting 32 of the helical antenna 31 



contained in the microphone arm 21 H is separated from 
the feeding spring 34 of the housing 11 side, and also 
separated from the permanent magnet 28 in the micro- 
phone arm 21 H and the magnetic sensor 46 in the hous- 
5 ing 1 1 , so that the movable contact point of the change- 
over switch 45 is switched to the r-side fixed contact 
point on the basis of the output of the magnetic sensor 
46. 

Accordingly, the rod antenna 25 and the RF trans- 
10 mission/reception circuit 42 are connected to each other 
through the feeding spring 26, the antenna matching cir- 
cuit 44 and the change-over switch 45, and the helical 
antenna 31 is connected to the h-side fixed contact point 
of the switch 45 through the support fitting 32, the feed- 
is ing spring 34 and the antenna matching circuit 43 and 
separated from the RF transmission/reception circuit 
42. 

The rod antenna 25 is not approximate to the 
ground conductor (omitted from the illustration) and the 

20 shield case 17 of the circuit board 16 over the entire 
length thereof. Therefore, the input impedance is not in- 
creased and the rod antenna 25 normally operates in a 
more stable matched state as a monopole antenna with 
the ground conductor and the shield case of the circuit 

25 board 16 acting as the ground. 

At thistime, the helical antenna 31 does not function 
as the antenna. 

In the above-described embodiment, when the mi- 
crophone arm 21 H is retracted, the helical antenna 31 

30 contained in the free end portion so as to be projected 
upwardly from the upper end of the housing 11 is made 
to function, and when the microphone arm 21 H is drawn 
out, the switch 45 is switched so that the rod antenna 
25 contained in the intermediate portion thereof func- 

35 tions. Therefore : in any cases where the microphone 
arm 21 H is retracted and where the microphone arm 
21 H is drawn out, the effect on the input impedance of 
the helical antenna 31 or the rod antenna 25 by the 
ground conductor and the shield case 17 of the circuit 

40 board 1 6 contained in the housing 1 1 is suppressed, and 
thus the Excellent antenna characteristics can be ob- 
tained. 

[Construction of Fifth Embodiment] 

45 

Next, the fifth embodiment of the antenna appara- 
tus according to the present invention will be described 
with reference to Figs. 8 and 9. 

The construction of the fifth embodiment according 
50 to the present invention will be described. The portions 
corresponding to those of Figs. 6 and 7 are represented 
by the same reference numerals, and the description of 
a part thereof is omitted. 

In Figs. 8 and 9, a compact portable telephone 10E 
55 js designed so that the rotational shaft 22a of the rota- 
tional end portion 22 of the microphone arm 21 H formed 
of a suitable synthetic resin material is held at the lower 
end portion of the right side of the housing 11 formed of 
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a suitable synthetic resin material so as to be freely ro- 
tatable in a predetermined angle range. 

As shown in Fig. 8, in the state where the micro- 
phone arm 21 H is aligned with the housing 11 and re- 
tracted between the side wall thereof and the protection 
plate 15, the length of the microphone arm 21 H is set 
so that the free end portion of the microphone arm 21 H 
is upwardly projected from the upper end of the housing 
1 1 in the figure, and the helical antenna 31 in which the 
conductor is spirally formed is contained in the free end 
portion of the microphone arm 21 H while the base por- 
tion thereof is coupled to the support fitting 32. 

The microphone 23 is disposed at a position nearer 
to the rotational end portion 22 than the helical antenna 
31, and it is kept away from the speaker at the prede- 
termined distance as described above in the state where 
the microphone arm 21 H is drawn out as shown in Fig. 9. 

The rod antenna 25 which has a length of A/4 to A/ 
2 and formed of a linear conductor is contained so as to 
extend from the intermediate portion of the microphone 
arm 21 H to the rotational end portion 22, and the feeding 
spring 26 which is disposed in the rotational shaft 22a 
of the base portion 25b is brought into contact with the 
base portion 25b while confronted to the base portion 
25b. 

In this embodiment, the feeding of the helical anten- 
na 31 is performed by an electromagnetic coupling ele- 
ment 35 in place of the feeding spring 34 of the embod- 
iment as described above. 

The electromagnetic coupling element 35 is formed 
of a semi-circular conductor, and it is disposed between 
the side wall of the housing 11 and the protection plate 
15 while is coaxially confronted to (the base portion ol) 
the helical antenna 31 in the state where the microphone 
arm 21 H is retracted as shown in Fig. 8. The connection 
pin 35c of the electromagnetic coupling element 35 is 
disposed so as to penetrate through the side wall ol the 
housing 11 . 

The voice signal line 24 connected to the micro- 
phone 23 is passed through the inside of the rotational 
shaft 22a of the microphone arm 21 H, guided into the 
housing 11 and connected to the voice processing cir- 
cuit 41 on the circuit board 16. 

On the circuit board 16 are mounted the first and 
second antenna matching circuits 43, 44, the changeo- 
ver switch 45, etc. The RF transmission/reception circuit 
42, the antenna matching circuits 43, 44 and the 
changeover switch 45 are disposed in the shield case 
17. 

The RF transmission/reception circuit 42 is con- 
nected to the movable contact point of the change-over 
switch 45, and the first antenna matching circuit 43 is 
connected between the h-side fixed contact point of the 
switch 45 and the connection pin 35c of the electromag- 
netic coupling element 35. In addition, the second an- 
tenna matching circuit 44 is connected between the r- 
side fixed contact point of the switch 45 and the feeding 
spring 26. 



The magnetic sensor 46 for controlling the connec- 
tion of the changeover switch 45 is disposed in the hous- 
ing 11 , and the permanent magnet 28 is contained in the 
microphone arm 21 H so as to confront the magnetic 
5 sensor 46. 

The flange portion 22b is formed at the outside of 
the rotational shaft 22a of the microphone arm 21 H in- 
tegrally with the rotational shaft 22a in a predetermined 
angle range, and the rotational angle thereof is restrict- 
10 ed in cooperation with a hook member (omitted from the 
illustration) of the housing 11 side when the microphone 
arm 21 H is drawn out as shown in Fig. 9. 

The microphone arm 21 H is fixed at the positions 
indicated by the solid line and the chain line of Fig. 2 by 
is a suitable cam mechanism (omitted from the illustra- 
tion). 

[Operation of Fifth Embodiment] 

20 Next, the operation of the fifth embodiment accord- 
ing to the present invention will be described. 

At the carry-on state where the portable telephone 
10E is on standby, as shown in Fig. 8, the microphone 
arm 21 H is aligned with the housing 11, and retracted 
2S between the right-side wall and the protection plate 1 5. 
In this state, the helical antenna 31 contained in the 
microphone arm 21 H and the electromagnetic coupling 
element 35 of the housing 1 1 side are confronted to each 
other, and the permanent magnet 28 in the microphone 
30 arm 21 H and the magnetic sensor 46 in the housing 11 
are confronted to each other, so that the movable con- 
tact point of the change-over switch 45 is connected to 
the h-side fixed contact point on the basis of the output 
of the magnetic sensor 46. Accordingly, the RF trans- 
35 mission/reception circuit 42 and the magnetic coupling 
element 35 are connected to each other through the an- 
tenna matching circuit 43 and the change-over switch 
45, and high-frequency current flows into the electro- 
magnetic coupling element 35 so that the magnetic flux 
40 corresponding to the current interlinks the helical anten- 
na 31 , whdreby the high-frequency current flows into the 
helical antenna 31. 

At this time, the rod antenna 25 is connected to the 
r-side fixed contact point of the switch 45 through the 
45 feeding spring 26 and the antenna matching circuit 44 
and separated from the RF transmission/reception cir- 
cuit 42, so that it does not function as an antenna. 

Since the helical antenna 31 is not approximate to 
the ground conductor (omitted from the illustration) and 
50 the shield case 1 7 of the circuit board 16 over the entire 
length thereof, the input impedance is not increased. 
Therefore, it normally operates in a more stable 
matched state as a monopole with the ground conductor 
and the shield case 17 of the circuit board 16 acting as 
55 the ground. 

At the telephone call time of the portable telephone 
10E, as indicated by the chain line of Fig. 2, the micro- 
phone arm 21 H is rotated in the counterclockwise direc- 
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tion from the retraction state as described above, and 
drawn out so that the microphone 23 and the housing 
1 1 are intersected to each other at a suitable obtuse an- 
gle, whereby the microphone 23 and the speaker are 
kept away from each other at a predetermined distance. 

In this state, as shown in Fig. 9, the helical antenna 
31 contained in the microphone arm 21 H and the elec- 
tromagnetic coupling element 35 of the housing 11 side 
are separated from each other, and the permanent mag- 
net 28 in the microphone arm 21 H and the magnetic 
sensor 46 in the housing 11 are separated from each 
other, so that the movable contact point of the change- 
over switch 45 is switched to the r-side fixed contact 
point on the basis of the output of the magnetic sensor 
46. 

Accordingly, the rod antenna 25 and the RF trans- 
mission/reception circuit 42 are connected to each other 
through the feeding spring 26, the antenna matching cir- 
cuit 44 and the change-over switch 45, and the helical 
antenna 31 is connected to the h-side fixed contact point 
of the switch 45 through the antenna matching circuit 43 
and separated from the RF transmission/reception cir- 
cuit 42. 

The rod antenna 25 is not approximate to the 
ground conductor (omitted from the illustration) and the 
shield case 17 of the circuit board 16 over the entire 
length thereof, so that the input impedance is not in- 
creased and thus the rod antenna 25 normally operates 
in a more stable matched state as a monopole antenna 
with the ground conductor and the shield case 17 of the 
circuit board 16 acting as the ground. 

At this time, the helical antenna 31 does not function 
as an antenna. 

In the above -described embodiment, when the mi- 
crophone arm 21 H is retracted, the helical antenna 31 
which is contained in the free end portion of the micro- 
phone arm 21 H so as to be upwardly projected form the 
upper end of the housing 11 is made to function, and 
when the microphone arm 21 H is drawn out, the switch 
45 is switched so that the rod antenna 25 contained in 
the intermediate portion of the microphone arm 21 H 
functions. Therefore, in any cases where the micro- 
phone arm 21 H is retracted and where it is drawn out, 
the effect on the input impedance of the helical antenna 
31 or the rod antenna 25 by the ground conductor and 
the shield case 17 of the circuit board 16 contained in 
the housing 11 is suppressed, and thus the excellent 
characteristics can be obtained. 

[Construction of Sixth Embodiment] 

Next, the sixth embodiment of the antenna appara- 
tus according to the present invention will be described 
with reference to Figs. 1 0 and 1 1 . 

The construction of the sixth embodiment of the 
present invention is shown in Figs. 10 and 11. In Figs. 
10 and 11 , the portions corresponding to those of Figs. 
6 to 9 are represented by the same reference numerals, 



and the description of a part thereof is omitted. 

In Figs. 10 and 11, a compact portable telephone 
10F is designed so that the rotational shaft 22a of the 
rotational end portion 22 of the microphone arm 21 H 

5 formed of a suitable synthetic resin material is held at 
the lower end portion of the right side of the housing 11 
formed of a suitable synthetic resin so as to be freely 
rotatable in a predetermined angle range. 

As shown in Fig. 10, the length of the microphone 

10 arm 21 H is set so that the free end portion of the micro- 
phone arm 21 H is upwardly projected from the upper 
end of the housing 1 1 in the figure when the housing 1 1 
and the microphone arm 21 H are aligned with each oth- 
er, and the helical antenna 31 in which the conductor is 

15 spirally formed is contained in the free end portion while 
the base portion thereof is coupled to the support fitting 
32. 

The microphone 23 is disposed at a position nearer 
to the rotational end portion 22 than the helical antenna 
20 31 , and it is kept away from the speaker at the prede- 
termined distance as described above in the state where 
the microphone arm 21 H is drawn out as shown in Fig. 
11. 

In this embodiment, one end of a rod antenna 25Q 
25 which has a length of >J4 and is formed of a linear con- 
ductor is directly connected to the support fitting 32 of 
the helical antenna 31 in the microphone arm 21 H, and 
the feeding spring 26 disposed in the rotational shaft 22a 
is confronted to and brought into contact with the base 
30 portion 25b of the rod antenna 25Q. 

Further, the connection pin 32c (see Fig. 11) is dis- 
posed at the housing 11 side of the support fitting 32 of 
the helical antenna 31 so as to penetrate through the 
side wall of the microphone arm 21 H. and the feeding 
35 spring 34 is disposed at the upper end portion of the 
housing 11 so that the feeding spring 34 confronts the 
connection pin 32c in contact with the connection pin 
32c. 

The voice signal line 24 connected to the micro- 

40 phone 23 is passed through the inside of the rotational 
shaft 22a 6f the microphone arm 21 H to be guided into 
the housing 11 and connected to the voice processing 
circuit 41 on the circuit board 16. 

On the circuit board 16 are mounted the RF trans- 

45 mission/reception circuit 42, the first and second anten- 
na matching circuits 43, 44, a two-circuits change-over 
switch 47, etc. The RF transmission/reception circuit 42, 
the antenna matching circuits 43, 44 and the changeo- 
ver switch 47 are disposed in the shield case 17. 

50 The first antenna matching circuit 43 is connected 
between the a contact point of the two-circuits change- 
over switch 47 and the feeding spring 34, and the RF 
transmission/reception circuit 42 is connected to the b 
contact point of the switch 47. In addition, the second 

55 antenna matching circuit 44 is connected between the 
c contact point of the switch 47 and the feeding spring 
26. The contact point of the switch 47 is grounded. 
A magnetic sensor 46 for controlling the connection 
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of the two-circuits change-over switch 47 is disposed in 
the housing 11, and also the permanent magnet 28 is 
contained in the microphone arm 21 H so as to confront 
the magnetic sensor 46. 

The flange portion 22b is formed integrally with the 
rotational shalt 22a of the microphone arm 21 H at the 
outside of the rotational shaft 22a in a predetermined 
angle range, and the rotational angle thereof is restrict- 
ed in cooperation with a hook member (omitted from the 
illustration) of the housing 1 1 side when the microphone 
arm 21 H is drawn out as shown in Fig. 1 1 . 

The microphone arm 21 H is fixed at the positions 
as indicated by the solid line and the chain line of Fig. 2 
by a suitable cam mechanism (omitted from the illustra- 
tion). The protection plate 1 5 shown in Fig. 2 is also omit- 
ted from Figs. 10 and 11 . 

[Operation of Sixth Embodiment] 

Next, the operation of the sixth embodiment accord- 
ing to the present invention will be described. 

At the carry-on state where a portable telephone 
20F is on standby, as shown in Fig. 1 0, the microphone 
arm 21 H is retracted while aligned with the right-side 
wall of the housing 11. 

In this retraction state, the connection pin 32c (see 
Fig. 11) of the support fitting 32 of the helical antenna 
31 contained in the microphone arm 21 H confronts the 
feeding spring 34 of the housing 11 side in contact with 
the feeding spring 34, and the permanent magnet 28 
and the magnetic sensor 46 in the housing 11 are con- 
fronted to each other, so that the a, b contact points of 
the switch 47 of the housing 11 and the c, d contact 
points are connected to each other. 

Accordingly, the helical antenna 31 and the RF 
transmission/reception circuit 42 are connected to each 
other through the support fitting 32, the feeding spring 
34, the antenna matching circuit 43 and the a, b contact 
points of the change-over switch 47, and the base por- 
tion 25b ol the rod antenna 25Q of A/4 is grounded 
through the feeding spring 26, the antenna matching cir- 
cuit 44 and the c, d contact points of the switch 47. 

Accordingly, the impedance of the A/4 rod antenna 
25Q which is viewed from the support fitting 32 side of 
the helical antenna 31 is increased, and thus high fre- 
quency current which is supplied through the feeding 
spring 34 does not flow therein, so that the A/4 rod an- 
tenna 25Q does not function as the antenna. 

On the other hand, the helical antenna 31 is not ap- 
proximate to the ground conductor (omitted from the il- 
lustration) and the shield case 17 of the circuit board 16 
over the entire length thereof, and thus the input imped- 
ance is not increased and the high frequency current is 
supplied through the feeding spring 34, so that the hel- 
ical antenna 31 normally operates in a more stable 
matched state as a monopole antenna with the ground 
conductor and the shield case 17 of the circuit board 16 
acting as the ground. 



Further, under the telephone call of the portable tel- 
ephone 10F, as indicated by the chain line of Fig. 2, the 
microphone arm 21 H is rotated in the counterclockwise 
direction from the retraction state as described above, 
s and drawn out so that the microphone 23 and the hous- 
ing 11 are intersected to each other at a suitable obtuse 
angle, whereby the microphone 23 and the speaker are 
kept away from each other at a predetermined distance. 
In this state, as shown in Fig. 11 , the connection pin 32c 
io of the support fitting 32 of the helical antenna 31 which 
is contained in the microphone arm 21 H and the feeding 
spring 34 of the housing 11 side are separated from 
each other, and the permanent magnet 28 in the micro- 
phone arm 21 H and the magnetic sensor 46 in the hous- 
es ing 1 1 are separated from each other, so that the a, b 
contact points and the b, c contact points of the two- 
circuits change-over switch 47 are connected to each 
other on the basis of the output of the magnetic sensor 
46. 

20 Accordingly, the helical antenna 31 and the RF 

transmission/reception circuit 42 are connected to each 
other through the support fitting 32, the A/4 rod antenna 
25Q, the feeding spring 26, the antenna matching circuit 
44 and the b, c contact points of the change-over switch 

2S 47, and also the feeding spring 34 is grounded through 
the antenna matching circuit 43 and the a, d contact 
points of the change-over switch 47. 

The helical antenna 31 and the A/4 rod antenna 25Q 
form one antenna system, and the ground conductor 

30 (omitted from the illustration) and the shield case 17 of 
the circuit board 16 are not approximate to them over 
the entire length thereof. Therefore, the input imped- 
ance is not increased and they normally operate in a 
more stable matched state as a so-called top loading 

35 type antenna with the ground conductor and the shield 
case 1 7 of the circuit board 16 acting as the ground. 

In the above-described embodiment, when the mi- 
crophone arm 21 H is retracted, the helical antenna 31 
which is contained in the free end portion thereof so as 

40 to be upwardly projected from the upper end of the hous- 
ing 1 1 is m^de to function, and the switch 47 is switched 
so that the helical antenna 31 and the A/4 road antenna 
25Q function as one antenna system when the micro- 
phone arm 21 H is drawn out. Therefore, in any cases 

45 where the microphone arm 21 H is retracted and where 
it is drawn out, the effect on the input impedance by the 
ground conductor and the shield case 17 of the circuit 
board 16 contained in the housing 1 1 is suppressed, and 
thus the excellent antenna characteristics can be ob- 

50 tained. 

[Construction of Seventh Embodiment] 

Next, the seventh embodiment ol the antenna ap- 
55 paratus according to the present invention will be de- 
scribed with reference to Figs. 12 and 13. 

The construction of the seventh embodiment is 
shown in Figs. 1 2 and 1 3. In Figs. 1 2 and 1 3, the portions 
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corresponding to those of Figs. 6 to 11 are represented 
by the same reference numerals, and the description of 
a part thereof is omitted. 

In Figs. 1 2 and 13, a compact telephone 10G is de- 
signed so that the rotational shaft 22a of the rotational 
end portion 22 of the microphone arm 21 H formed of a 
suitable synthetic resin material is held at the lower end 
portion of the right side of the housing 11 formed of a 
suitable synthetic resin material so as to be freely rotat- 
able in a predetermined angle range. 

As shown in Fig. 1 2, the length of the microphone 
arm 21 H is set so that the free end portion of the micro- 
phone arm 21 H is upwardly projected from the upper 
end of the housing 11 in the figure in the state where the 
microphone arm 21 H is aligned with the housing 11 and 
retracted between the side wall of the housing 11 and 
the protection plate 15, and the helical antenna 31 in 
which the conductor is spirally formed is contained in 
the free end portion while the base portion thereof is 
coupled to the support fitting 32. 

The microphone 23 is disposed at a position nearer 
to the rotational end portion 22 than the helical antenna 
31, and it is kept away from the speaker at the prede- 
termined distance as described when the microphone 
arm 21 H is drawn out as shown in Fig. 1 3. 

In this embodiment, one end of the rod antenna 25Q 
which has a length of A/4 and is formed of a linear con- 
ductor is connected to the support fitting 32 of the helical 
antenna 31 in the microphone arm 21 H and the feeding 
spring 26 disposed in the rotational shaft 22a is confront- 
ed to and brought into contact with the base portion 25b 
of the rod antenna 25Q. 

In this embodiment, the feeding to the helical anten- 
na 31 is performed through an electromagnetic coupling 
element 35 which is formed of a semi-circular conductor. 

The electromagnetic coupling element 35 is dis- 
posed between the side wall of the housing 11 and the 
protection plate 15 so as to be coaxially confronted to 
(the base portion of) the helical antenna 31 in the state 
where the microphone arm 21 H is retracted as shown 
in Fig. 1 2, and the connection pin 35c of the electromag- 
netic coupling element 35 is disposed so as to penetrate 
through the side wall of the housing 11. 

The voice signal line 24 connected to the micro- 
phone 23 is passed through the inside of the rotational 
shaft 22a of the microphone arm 21 H, guided into the 
housing 11 , and connected to the voice processing cir- 
cuit 41 on the circuit board 16. 

On the circuit board 16 are mounted the RF trans- 
mission/reception circuit 42, the first and second anten- 
na matching circuits 43, 44 and the two-circuit change- 
over switch 47. The RF transmission/reception circuit 
42, the antenna matching circuits 43, 44 and the 
changeover switch 47 are disposed in the shield case 
17. 

The first antenna matching circuit 43 is connected 
between the a contact point of the two-circuits change- 
over switch 47 and the connection pin 35c of the elec- 



tromagnetic coupling element 35, and the RF transmis- 
sion/reception circuit 42 is connected to the b contact 
point of the switch 47. In addition, the second antenna 
matching circuit 44 is connected between the c contact 

s point of the switch 47 and the feeding spring 26. The d 
contact point of the switch 47 is grounded. 

The magnetic sensor 46 is disposed in the housing 
11 to control the connection of the two-circuits change- 
over switch 47, and the permanent magnet 28 is con- 

10 tained in the microphone arm 21 H so as to conlront the 
magnetic sensor 46. 

The flange portion 22b is formed integrally with the 
rotational shaft 22a of the microphone arm 21 H at the 
outside thereof in a predetermined angle range, and the 

is rotational angle is restricted in cooperation with a hook 
member (omitted from the illustration) of the housing 11 
side when the microphone arm 21 H is drawn out as 
shown in Fig. 13. 

The microphone arm 21 H is fixed at the positions 

20 as indicated by the solid line and the chain line of Fig. 2 
respectively by a suitable cam mechanism (omitted from 
the illustration). 

[Operation of Seventh Embodiment] 

25 

Next, the operation of the seventh embodiment ac- 
cording to the present invention will be described. 

At the carry-on state where a portable telephone 
10G is on standby, as shown in Fig 1 2, the microphone 

30 arm 21H is aligned with the housing 11, and retracted 
between the right-side wall and the protection plate 15. 

In this state, the helical antenna 31 contained in the 
microphone arm 21 H and the electromagnetic coupling 
element 35 of the housing 1 1 side are confronted to each 

35 other, and permanent magnet 28 in the microphone arm 
21 H and the magnetic sensor 46 in the housing 11 are 
confronted to each other, whereby the a, b contact 
points and the c, d contact points of the two-circuits 
change-over switch 47 are connected to each other on 

40 the. basis of the output of the magnetic sensor 46. 

Accordingly, the RF transmission/reception circuit 
42 and the electromagnetic coupling element 35 are 
connected to each other through the antenna matching 
circuit 43 and the a, b contact points ol the change-over 

45 switch 47, and the base portion 25b of the A/4 rod an- 
tenna 25Q is grounded through the feeding spring 26, 
the antenna matching circuit 44 and the c, d contact 
points of the switch 47. Accordingly, the helical antenna 
31 interlinks the magnetic flux corresponding to the 

so high-frequency current flowing into the electromagnetic 
coupling element 35 so that it is supplied with high-fre- 
quency current. 

On the other hand, the impedance of the X/4 rod 
antenna 25Q which is viewed from the support fitting 32 

S5 side of the helical antenna 31 is increased, and the high 
frequency current which is supplied through the feeding 
spring 34 does not flow into the A74 rod antenna 25Q, 
so that the XI A rod antenna 25Q does not function as an 
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antenna. 

The helical antenna 31 is not approximate to the 
ground conductor (omitted from the illustration) and the 
shield case 17 of the circuit board 16 over the entire 
length thereof, and thus the input impedance is not in- 
creased, so that it normally operates in a more stable 
matched state as a monopole antenna with the ground 
conductor and the shield case 17 of the circuit board 1 6 
acting as the ground. 

Under the telephone call of the portable telephone 
10E, as indicated by the chain line of Fig. 2, the micro- 
phone arm 21 H is rotated in the counterclockwise direc- 
tion from the retraction state as described above and 
drawn out so that the microphone 23 and the housing 
1 1 are intersected to each other at a suitable obtuse an- 
gle, whereby the microphone 23 and the speaker are 
kept from each other at a predetermined distance. 

In this state, as shown in Fig. 1 3, the helical antenna 
31 contained in the microphone arm 21 H is separated 
from the electromagnetic coupling element 35 of the 
housing 11 side, and the permanent magnet 28 in the 
microphone arm 21 H and the magnetic sensor 46 in the 
housing 11 are separated from each other, so that the 
a, d contact points and the b, c contact points of the two- 
circuits change-over switch 47 are connected to each 
other on the basis ol the output of the magnetic sensor 
45. Accordingly, the helical antenna 31 and the RF 
transmission/reception circuit 42 are connected to each 
other through the support fitting 32, the A/4 rod antenna 
25Q, the feeding spring 26, the antenna matching circuit 
44 and the b, c contact points of the change-over switch 
47, and the feeding spring 34 is grounded through the 
antenna matching circuit 43 and the a, d contact points 
of the change-over switch 47. 

The helical antenna 31 and the A/4 rod antenna 25Q 
form one antenna system, and it is not approximate to 
the ground conductor (omitted from the illustration) and 
the shield case 17 of the circuit board 16 over the entire 
length thereof, so that the input impedance is not in- 
creased, and thus it normally operates in a more stable 
matched state as a so-called top loading type composite 
antenna with the ground conductor and the shield case 
17 of the circuit board 16 acting as the ground. 

In the above-described embodiment, when the mi- 
crophone arm 21 H is retracted, the helical antenna 31 
which is contained in the free end portion so as to be 
upwardly projected from the upper end of the housing 
11 is made to function, and when the microphone arm 
21 H is drawn out, the switch 47 is switched so that the 
helical antenna 31 and the A/4 rod antenna 25Q function 
as one antenna system. Therefore, in any cases where 
the microphone arm 21 H is retracted and where it is 
drawn out, the effect on the input impedance by the 
ground conductor and the shield case 17 of the circuit 
board 1 6 contained in the housing 1 1 is suppressed, and 
the excellent antenna characteristics can be obtained. 



[Other Embodiments] 

In both embodiments as shown in Figs. 10 and 11 , 
and Figs. 1 2 and 1 3, the length of the rod antenna is set 
s to A/4. However, when the microphone arm is retracted, 
the length of the rod antenna can be set to A/2 by open- 
ing the d contact point of the two-circuits change-over 
switch 47. 

In each of the embodiments shown in Figs. 6 to 1 3, 

io the changeover switch or the two-circuit changeover 
switch is switched on the basis of the output of the mag- 
netic sensor. However, each switch may be set so as to 
be mechanically interlocked with the microphone arm. 
Further, each of the above-described embodiments 

15 is directed to the case where the support fitting of the 
helical antenna, the outer sheath conductor for Sperre 
top and the electromagnetic coupling element are 
formed of metal materials. However, they may be 
formed of predetermined conductive materials. 

20 Each of the above-described embodiments is di- 
rected to the case where the transmission/reception cir- 
cuit is used. However, when the antenna is used for only 
transmission or only reception, only a transmission cir- 
cuit or only a reception circuit is connected to the anten- 

25 na. 

Further, each of the above-described embodiments 
is directed to the case where the housing and the mi- 
crophone arm are formed of synthetic resin materials. 
However, by using a suitable spacer, the housing.and 

30 the microphone arm may be formed of metal materials. 

Still further, each of the above-described embodi- 
ments is directed to the case where the rod antenna is 
merely formed of a linear conductor. However, the rod 
antenna may be formed of an elastic conductor, a con- 

35 ductor around which a spring material is tightly wound, 
or a small-diameter conductor which is formed spirally 
to prevent the antenna from being broken. 

As described above, according to the present in- 
vention, in any of the retraction stage and the drawn-out 

40 state of the microphone arm which is freely rotatably 
coupled to^one end portion of the housing of the main 
body of the radio apparatus and in which the micro- 
phone and the antenna conductor are contained, the ex- 
cellent antenna characteristics can be obtained. 

45 

Claims 

1. A portable radio apparatus which includes an elon- 
50 gate body containing an antenna and a microphone 
rotatably coupled to the side portion of the housing 
of a radio apparatus body at one end portion in the 
central axis direction thereof, and which is used 
both in a first state where said housing and said 
55 elongate body are aligned, and in a second state 
where said housing and said elongate body are 
aligned at a predetermined angle to each other, 
characterized in that the other end portion of 



13 



25 



EP 0 854 535 A2 



26 



said elongate body in the center axis direction 
projects outwardly from the end edge of said hous- 
ing in the first state, and said antenna is embedded 
into said other end portion of said elongate body. 

2. A portable radio apparatus as claimed in claim 1 , 
wherein said antenna has a spiral form. 

3. A portable radio apparatus as claimed in claim 1 or 
2, wherein a coaxial feeder is connected to said an- 
tenna, and an outer sheath conductor is connected 
to an outer conductor of said coaxial feeder. 

4. A portable radio apparatus as claimed in any one 
of the preceding claims, wherein a ground plate is 
embedded in said elongate body, and said ground 
plate is provided with matching means for said an- 
tenna and said feeder. 

5. A portable radio apparatus which includes an elon- 
gate body containing an antenna and a microphone 
rotatably coupled to the side portion of the housing 
of a radio apparatus body at one end portion in the 
central axis direction thereof, and which is used 
both in a first state where said housing and said 
elongate body are aligned, and in a second state 
where said housing and said elongate body are 
aligned at a predetermined angle to each other, 

characterized in that other end portion of said 
elongate body in the center axis direction is located 
outwardly from the end edge of said housing in the 
first state, a first antenna is embedded in said other 
end portion of said elongate body, a second anten- 
na is embedded in the one end side of said enlon- 
gate body in the center axis direction, and selective 
feeding means for selectively feeding to said first 
and second antennas is provided. 

6. A portable radio apparatus as claimed in claim 5, 
wherein said first antenna has a spiral form, and 
said second antenna has a linear form. 

7. A portable radio apparatus as claimed in claim 6, 
wherein one end of said second antenna is connect- 
ed to the base portion of said first antenna. 

8. A portable radio apparatus as claimed in any one 
of claims 5 to 7, wherein said selective feeding 
means contains an electromagnetic coupling ele- 
ment which confronts said first antenna. 

9. An antenna apparatus which includes an antenna 
conductor contained in an elongate body together 
with a microphone, said elongate body being rotat- 
ably coupled to the side portion of a radio apparatus 
body hosing, and which is used both in a first state 
where said housing and said elongate body are 
aligned, and in a second state where said housing 



and said elongate body are aligned at a predeter- 
mined angle to each other, 

characterized in that the other end portion of 
said elongate body at the opposite side to the rota- 
s ttonal shaft side in the center axis direction projects 
outwardly from the end edge of said housing in the 
first state, and said antenna conductor is embedded 
in said other end portion of said elongate body. 

10 10. An antenna apparatus as claimed in claim 9, where- 
in said antenna conductor has a spiral form. 

11. An antenna apparatus as claimed in claim 9 or 10, 
wherein a coaxial feeder is connected to said an- 

15 tenna conductor, and an outer sheath conductor is 
connected to an outer conductor of said coaxial 
feeder. 

12. An antenna apparatus as claimed in any one of 
20 claims 9 to 1 1 , wherein a ground plate is embedded 

in said elongate body, and said ground plate is pro- 
vided with matching means for said antenna con- 
ductor and said feeder. 

25 13. An antenna apparatus which includes an antenna 
conductor contained in an elongate body together 
with a microphone, said elongate body being rotat- 
ably coupled to the side portion of a radio apparatus 
body, and which is used both in a first state where 

30 said housing and said elongate body are aligned, 
and in a second state where said housing and said 
elongate body are aligned at a predetermined angle 
to each other, 

characterized in that the other end portion of 

35 said elongate body at the opposite side to the rota- 
tional shaft side in the center axis direction projects 
outwardly from the end edge of said housing in the 
first state, a first antenna conductor is embedded in 
said other end portion of said elongate, and a sec- 

40 ond antenna conductor is embedded at the rotation- 
al shaft side of said elongate body, power being se- 
lectively supplied to said first and second antenna 
conductors. 

45 14. An antenna apparatus as claimed in claim 13, 
wherein said first antenna conductor has a spiral 
form, and said second antenna conductor has a lin- 
ear form. 

50 15. An antenna apparatus as claimed in claim 14, 
wherein one end of said second antenna conductor 
is connected to the base portion of said first antenna 
conductor. 

55 16. An antenna apparatus as claimed in any one of 
claims 1 3 to 1 5, wherein feeding to said first anten- 
na conductor is performed through an electromag- 
netic coupling element. 
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